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aiDauM? grama overview 

MflCOONNELL D0U6LRS 



CPU 

36 bit word length 

bit slice microprocessors 



40 Mhz basic machine clock fftL >A BtL 



/ 



8 MEG words max ( aa^ a-w^-vh 'X ^J 
ECC (error correction) 

CONSOLE BOARD - ^f*** % tb ^ K f UO^J^ 

commands to interrogate machine 
remote diagnosis interface 
floppy disks , 1 fc W* ^ja0 

MICROCODE 

DEC PDP-10 emulation ~T</.- fJ r.. ,, Vxvi, r,, L .-, a ,.^ jl^i 
8K of 88 bit words 

F-BUS (I/O BUS) 

36 bit parallel data transfers 

DMA (direct memory access) \ ^ H *% ~ * a ^ ^* w m«*.„x~ 



I/O DEVICES 

^ disk - /}**?<> cyj,,c^s 
^ tape 

line printer 

DLS (data line scanner) 
^ micronode (Tymnet interface) 

Arpanet interface 






AUGMENT ENGINE SPECIFICATIONS 



I. PHYSICAL CHARACTERISTICS 

A. SIZE 

1. System mounted in two 19" rack mount cabinets 

2. Cabinets mounted side-by-side 

3. Total floor space required 1518 Sq In or 10.5 Sq . Ft. 

B. PHYSICAL CONFIGURATION 

1. Cabinet #1 contains the CPU, On-board Memory, Console 
Computer, Controllers, & I/O PCBs . 

2. Cabinet #2 contains peripherals of the customers choice. 
Currently, the configuration is: 

1 Kennedy 9219 Tape Formatter 

1 Kennedy 9100 dual density Tape Drive 

** 1 OPTIONAL KENNEDY 9400 TR I -DENSITY TAPE DRIVE 

1 DEC LSI/ 23 Tymnet Communication Node 

3 Ampex "Capricorn" 330 Mbyte Disk Drives 

NOTE: The customer may modify the peripheral equipment as 
to type or quantity to meet his specific needs. 

I I . SYSTEM ARCH I TECTURE 

A. MICRO-PROGRAM PROCESSOR CONTROL 

1. 88 bit micro-word for engine control 

2. Utilizing bit-slice technology 

B . MEMORY 

1. Up to 8 Megawords of internal memory 

2. Standard ECC Error Correction 

(Single bit error detection-correction) 
(Double bit error detection) 

C. SPEED OF PROCESSING 

1. 350 nanoseconds per memory cycle 

2. 2.0 million instructions processed per second 

3. Micro code speed is 150-500 ns 

D. OPERATING SYSTEMS 

1. TOPS-10 

2. TOPS-20 

3 . TENEX 

4 . TYMCOM-X 



E. PROGRAMMING LANGUAGES 

1. Customer's choice — no restrictions 

F. PERIPHERALS SUPPORTED 

1. Up to four disk drives per controller (1) 

2. Tape transport 9 track NRZI format (800, 1600 or 6250 CPI ) 

3. High speed printers 

4. Phototypesetters 

5. Intelligent VDTs 

6. ARPANET communication net 

7. Micronode for local communication net or TYMNET tie 

G. USERS 

1. Up to 100 total 

2. Up to 40 simultaneous users 

H. MAINTENANCE 

1. Local & remote Microcode diagnostics 

2. Local & remote Memory diagnostics 

3. Highly qualified software and technical support 

4. Strategically place^ readily available spares. 



SPEC 



AUGMENT ENGINE 
PERIPHERAL RACK 2 



MOD 9100 
TAPE DR 



9219 
FORMATTER 



11/23 
COM INT 



AMPEX 

330 MBYTE 

DISK DR TOTAL 



VOLTS 


100/126 RMS 


115V AC I 10% 


100-126 RMS 


120V 


35 AMPSS115 VAC 10 +10% 


AMPS 


7.0A 


.7A 


5.5A 


5.6X3A 


30.0 AMPS 


TEMP. 


2*-50*C 
35. 6-122* F 


2*-50*C 
35. 6-122* F 


5* -40* C 
41-104* F 


10*-40*C 
50* -104* F 


50°- 104* F 
10*- 40*C 


R/H 


NO COND 
15-95% 


NON COND 
15-95% 


NO COND 
10-95% 


NO COND 
20-80% 


20%-80% 


KT 


62.15 CM 
24.47 IN 


8.48 CM 
3.34 IN 


13.2 CM 
5.19 IN 


25.9 CM 
10.2 IN 




WIDTH 


48.26 CM 
19 IN 


42.57 CM 
16.76 IN 


48.3 CM 
19 IN 


48.3 CM 
19 IN 




DEPTH 


54.91 CM 
21.62 IN 


37.13 CM 
14.62 IN 


67.98 CM 
26.76 IN 


76.5 CM 
30.1 IN 




>NT. 


150 LB 


20.6 LB 


28.0 LB 


128 




CABINET 


200 LB 








782.6 LB 
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MODEL NUMBER 



DESCRIPTION 



TS26KL-A 



TMS20-A ME^6l5 
DCN30-A 

DCN30-B -JU-V* 

DCN30-C 

DCA30 r.-.^..i«Z 

DCF40 cFL». 

DFM42 ,' '. 



DFM43 

DFM44 

DRM43 

LPC60 
LPB60 

TCR50 

TDR50 



p (v'> 



%i: c ^ 



CPU, data bus, diagnostic 
front end, console terminal, 
512K words of memory, cabinet 
and power supplies, 115V, 60 Hz 

Memory 512K words, 36-bit 
ECC with parity 

MICRONODE controller, with 16 
asynchronous ports, power supply, 
115V, 60Hz 

Micronode additional 16 
asynchronous ports 

Micronode synchronous port 

Arpa net interface^ ptiL\jt:r 

Disk controller, single 
channel, up to 4 drives 

Single drive, 160 megabyte, 
14" fixed media storage 



Single drive, 330 megabyte, 
14" fixed media storage 



C*r- 



Single drive, 474 megabyte, 
14" fixed media storage 






Single drive, 300 megabyte. ^ A 
removable media 

Line printer controller 



-- u 



1^ </'* 



Line printer, 64 character, 1000 

LPM !V ■-:• ■..'-'■"■■■v wo 

Tape controller for 
tape system 

Tape drive 75 IPS, 800/1600 '^/ 9 / AC 



BPI, includes formatter 



/<w>- 



U 



MODEL TS 26KL 



PHYSICAL CHARACTERISTICS 



Size 


System mounted in two 19" rack mount cabinets 


Cabinets mounted side-by-side 


Total floor space required — 1518 sq. inches or 
10.5 sq. feet. 


Physical 
configuration 


Cabinet #1 


CPU, on-board memory, 
console computer, control- 
lers, & I/O PCBs. 


Cabinet #2 


contains peripherals 


Typical 
configuration. 


1 TDR50 tape drive 75 IPS 
800/1600 

DCN30 MICRONODE con- 
troller with (16) lines ASYNC 
DFM43 disk drives 660 
megabytes 14" fixed media 


Power 
requirements 


2-30 AMPS. 10. 115 VAC 


Power 
consumption (CPU) 


11 AMPS, 115 VAC (CPU) 


Power 
consumption (I/O) 


Max 20 AMPS. 115 VAC 



PERFORMANCE 



Micro- 
program pro- 
cessor control 


88 bit micro-word for engine control 


Utilizing bit-slice technology 


Memory 


Up to 8 megawords of internal MOS memory 


Standard ECC error correction 

(Single bit error detection-correction) 

(Double bit error detection) 


Speed of 
processing 


350-500 nanoseconds per memory cycle 


2.0 million instructions average processed 
per second 


Micro code speed is 150-500 ns 


Operating 
systems 


TYMCOM-20 


Programming 
languages 


TOPS-20 compatible 


Peripherals 
supported 


Up to four disk drives per controller 


Tape transport 9 track NRZI format (800 or 
1600 BPI) 


High speed printers 


High resolution color graphics (in development) 


ARPANET communication network/ 
MIL-NETWORK 


Micronode for local communication net 
or TYMNET 


High speed local area network connection 
(in development) 


Access 


40 interactive users 


Maintenance 


Local & remote microcode diagnostics 


Local & remote memory diagnostics 


Highly qualified software and technical support 
fully remote 


Strategically placed, readily available spares 


Remote diagnostics capability software & hardware 
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MODEL DFM42 DISK DRIVE 

(160 Megabyte Capacity) 

PHYSICAL CHARACTERISTICS 



Dimensions 
and weight 


Height 


25.9 cm (10.2 inches) 


Width 


48.3 cm (19.0 inches) 


Length 


76.5 cm (30.1 inches) 


Weight 


56.6 kg (125 lbs) 


AC power 
input 


60 (+0.6,-1) Hz 


120 (+8, -18) V, single phase 


50 (+0.5,-1) Hz 


220 (+15,-25) V, single phase 
240 (+17,-27) V, single phase 


Power 


Carriage and disks 
in motion 


120 V: 530 W with maximum 
line current of 5.6 A. 
220/240 V: 530 W with maxi- 
mum line current of 2.85 A. 


Carriage and disks 
at rest 


120 V: 160 W with maximum 
line current of 1.5 A. 
220/240 V: 180 W with maxi- 
mum line current of 0.7 A. 


Operating 
temperature 


Range 


10* to40*C 
(50* to 104* F) 


Max change 


10'C(18'F)per hr 


Gradient 


10*C(18'F) 


Humidity 


Operating 


20% to 80% RH, non- 
condensing 
10% per hr max change 



PERFORMANCE 



Transfer rate 


Disk speed 


9.677 MHz (1,209,625 
bytes/sec) 


Latency 


At 3.600 r/min 


Latency is time to reach a 

particular track address after 

positioning is complete 


Average 


8.33 ms (disk rotation 
speed at 3,600 r/min) 


Maximum 


17.3 ms (disk rotation 
speed at 3,474 r/min) 


Recording 


Mode 


MFM or NR2 
(modified frequency modula- 
tion or non-return to zero) 


Density 


6,417 bits per inch (inner track) 




Full 


55 ms max 


Seek time 


Average 


30 ms 


Single track 


7 ms max 


Start/Stop time 


30 sec max 
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MODEL DRM43 DISK DRIVE 

(300 Megabyte Capacity) 
(Removable Media) 



PHYSICAL CHARACTERISTICS 



GENERAL OPERATING CHARACTERISTICS 





DRM43 


Dimensions 


Height 


38.0 inches 


Width 


19.25 inches 


Depth 


34.0 inches 


Clearance 


0.5 inch minimum on each 
side; 36 inches minimum in 
the front and rear (for 
operation and maintenance) 


Weight 


465 lbs 


Support 


Casters under the frame of the unit. The cable 
entrance is on the bottom, right side rear of 
the unit. 


Power requirements 

Input power: The standard drive is designed to operate on 
208 VAC±10%, 60 Hz. three-phase, delta-connected power. The 
following input power configurations are also available: 

• 400 VAC±10%, 50 Hz, three-phase, wye-connected 

• 220 VAC±10%. 60 Hz, single phase 

• 230 VAC±10%, 50 Hz, single phase 

INPUT POWER REQUIREMENTS WITH NOMINAL INPUT 
OF 208 V, 60 Hz, 3-PHASE 


Type Current Phase A Phase B Phase C 
(Amperes (Amperes (Amperes 
RMS) RMS) RMS) 


Idle mode 1.5 1.5 1.5 

Starting mode current 

for 7 seconds 27 27 23.5 

Running mode current 

(no seeks) 4 4 2.2 

Seeking mode current 

(random seeks) 6.4 6.4 2.2 


Total power consumption at 208 VRMS: 1700 watts during 

random seeks 




Ambient 
temperature 


Operating 


60* to90*F 


Nonoperating 


50* to 110'F 


Shipping/storage 


O'Fto 140*F 


Relative 
humidity 


Operating 


20% to 80% 


Shipping/storage 


5% to 90% noncondensing 


Shock and 
vibration 


Vibration 


1.5G (5-400 Hz) 


Shock 


5G 


Cooling 


The unit is cooled by means of internal fans 
and blowers 


Altitude 


-1.000 ft (-305 m) to 30.000 ft (9.000 m) 


With 208 VRMS input, heating 
effects of each drive are: 


4.100 BTU/hr, Ready status 
5.800 BTU/hr. Selected 
status, random seeks 



Storage 
characteristics 


Cylinders per pack 


815 


Tracks per 
cylinder 


19 


Tracks per pack 


15,485 


Track density 


370 tracks per inch 


Bit density 


6;038 BPI 


8-bit bytes 
per track 


20.160 (unformatted) 


8-bit bytes per 
cylinder 


383.840 (unformatted) 


8-bit bytes per 
pack 


312,177.600 (unformatted) 


Disk pack 
characteristics 


Weight 


20 lbs 


Diameter 


15 inches 


Height 


7 inches 


Storage 
temperature 


-40" to 150* F 


Operating 
temperature 


60' to 90* F 


Pack rotation speed 


3.600±2% rpm 


Pack rotation period 


16.7 ms for one rotation 


Average rotation latency 


8.35 ms 


Head posi- 
tioning time 


One cylinder 


10 ms 


815 cylinders 


55 ms 


Duty cycle 
(rep rate) 


No less than 4 ms 


Data transfer 
rate 


1,209,600 8-bit bytes per sec 


Start time 


After the START/STOP switch 
is set to START, it takes 15 
seconds maximum to reach 
the point when the READY 
indicator is lit, indicating a 
ready condition. 


Stop time 


After the START/STOP switch 
is set to STOP, it takes a 
maximum of 15 seconds to 
bring the disk pack to a 
complete stop. (Braking is 
accomplished electrodynami- 
cally by means of an eddy- 
current brake on the spindle 
shaft.) 
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MODEL DFM43 DISK DRIVE 

(330 Megabyte Capacity) 



PHYSICAL CHARACTERISTICS 



FUNCTIONAL SPECIFICATIONS 



Dimensions 
and weight 


Height 


10.75 inches (with feet) 
10.25 inches (w/o feet) 


Width 


18.75 inches 


Weight 


134 lbs 


Power 
requirements 


Voltage 
(single phase) 


120+10%, -15% VAC, 60 Hz 
230+10%, -15% VAC, 50 Hz 


Frequency 


60+1.0 Hz or 50+1.0 Hz 


Start current 
(10 seconds) 


20 A, 60 Hz 
12 A. 50 Hz 


Run current 


5 A, 60 Hz 
3 A. 50 Hz 


Temperature 
gradient 
(per hour) 


Transit 


27*F15*C 


Operating 


18*F10*C 


Storage 


Transit 


-40* to 140* F 
-40" to60*C 


Operating 


50* to 110*F 
10* to 43.3* C 


Relative hu- 
midity non- 
condensing 


Transit 


10% to 90% 


Operating 


20% to 80% 


Humidity 
gradient 


Transit 


10%perhr 


Operating 


10% per hr 


Vibration 
(vertical) 


Transit 


5-50 Hz 
0.01 in. disp. 
50-500 Hz 
2 gs ace. 


Operating 


5-10 Hz 
0.004 in. disp. 
10-15 Hz 
0.02 gs ace. 
15-50 Hz 
0.0016 in. disp. 
50-500 Hz 
0.20 gs ace. 


Altitude 


Transit 


-980 to 40,000 feet 


Operating 


-980 to 10,000 feet 



Storage capacity (unformatted) 


330.3 megabytes 


Disks 


5 


Bytes per track 


20.160 


Tracks per cylinder 


16 


Tracks per surface 


2.048 


User cylinders 


1,024 


Positioning 
time 


Track-to-track 


6 ms 


1,024 cylinders 
(max seek) 


55 ms 


Average 


30 ms 


Average latency 


8.33 ms 


Rotational speed 


3.600 ± (+2.5%. -3.5%) rpm 


Recording density 


6,250 BPI 


Data transfer rate 
MFM encoding 


1,209.600 8-bit bytes per sec 
9.676,800 bits per sec 


Recording code 


MFM (modified frequency 
modulation) 


Interface code 


NRZ (non-return to zero) 


Interface 


SMD (storage module drive) 


.. . »'. R/W 
Heads | Servo 


16 
1 


Head positioning 


Servo-controlled 


Start time 


15 sec max 


Stop time 


15 sec max 



RELIABILITY 



MTTR (mean-time-to-repair) 


30 minutes 


Components life 


5 years 


Error rates 


Recoverable 
errors 


1 in 10'° bits 


Unrecoverable 
errors 


1 in 10' 2 bits 


Seek errors 


1 in 10 6 seeks 
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MODEL DFM44 DISK DRIVE 

(474 Megabyte Capacity) 



PHYSICAL CHARACTERISTICS 



FUNCTIONAL SPECIFICATIONS 





DFM44/AF 


Dimensions 
and weight 


Height 


264 mm (10.4 inches) 


Width 


482 mm (19.0 inches) 


Depth 


660 mm (26.0 inches) 


Weight 


64 kg (140 lbs) 


Power 
requirements 


100 VAC±10%. 50 Hz±2 Hz, 
5.7 A or 60 Hz±2 Hz, 5.4 A 


120 VAC ±10%. 60 Hz ±2 Hz, 
4.6 A 


220 VAC±10%, 50 Hz±2 Hz, 
2.9 A 


240VAC±10%. 50Hz±2Hz. 
2.6 A 


Ambient 
temperature 


Operating 


10* to40*C(50* to104*F), 
less than 10*C (18*F)per hr 


Nonoperating 


-40' to 60* C (-40* to 
140* F), less than 20" C 
(36"F)per hr 


Relative 
humidity 


Operating 


20% to 80% 
noncondensing 


Nonoperating 


5% to 95% 
noncondensing 


Vibration 


Operating 


0.2G (5 to 50 Hz), 

1G (50 to 500 Hz) 
shock: 2G (10 ms max) 


Nonoperating 


0.2G (10 to 500 Hz), 
shock: 3G (10 ms max) 


In storage or dur- 
ing transportation 


3G. shock: 5G (30 ms max) 


Altitude 


Operating 


3.000 m (10,000 feet) 


Nonoperating 


\ 12,000 m (40.000 feet) 



RELIABILITY SPECIFICATIONS 





DFM44/AF 


MTBF (mean-time-between- 
failures) 


More than 10,000 power-on 
hours 


MTTR (mean-time-to-repair) 


Less than 30 minutes 


Components life 


5 years 


Error rates 


Recoverable errors 


10 per 10" bits read 


Unrecoverable 
errors 


10 per 10 14 bits read 


Seek errors 


1 per 10' seeks 





DFM44 


DFM44/AF 


Storage 
capacity 
(unformatted) 


Moving heads 


474,214.400 bytes 


Fixed heads 


— 


1,689.600 bytes 


Disks 


6 


Bytes per track 


28.160 


Tracks per 
cylinder 


Moving heads 


20 


Fixed heads 


- 


20 


Cylinders 


Moving heads 


842 


Fixed heads 


- 


3 


Positioning 
time 


Track-to-track 


5 ms 


Average 


18 ms 


Maximum 


35 ms 


Average latency 


7.5 ms 


Rotational speed 


3.961 rotations/minutet 2% 


Recording density 


12,790 bits/inch 


Track density 


880 tracks/inch 


Data transfer rate 


1,859 megabytes/second 


Recording code 


MFM 
(modified frequency modulation) 


Interface code 


NRZ (non-return to zero) 


Interface 


Modified SMD 
(modified storage module drive) 


Heads 


Moving 


20 (2 per surface) 


Servo 


1 


Fixed 


— 


60 


Head positioning method 


Servo-controlled track-following 


Start time 


30 seconds 


Stop time 


15 seconds 
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MODEL LPB60 BAND PRINTER 



PHYSICAL CHARACTERISTICS 



Dimensions 
and weight 


Height 


113 cm (44.5 inches) 


Width 


87 cm (34.3 inches) 


Depth 


75.5 cm (29.7 inches) 


Weight 


159 kg (350 lbs) 


Power 
requirements 


Electrical 
voltage/freq 


Universal power supply 
90-132 V, 180-250 V 50 or 60 Hz 


Operating 


600 watts 


Standby 


550 watts 


Features 


Self test 


Std 


Auto motor 
on/off 


Std 


Diagnostic 
display 


Std 


Pedestal & paper shelf 


N/A 


Acoustic cabinet 


Std 


^Jrms length select switch 


Optional 


Elapsed time meters 
Tape controlled 12 ch VFU 
Direct access 12 ch VFU 
136 print columns 


Optional 
Optional 
Optional 
Optional 



FUNCTIONAL SPECIFICATIONS 



Print speed 


48 character set 


1100 LPM 


64 character set 


1025 LPM 


96 character set 


820 LPM 


Paper slew speed 


38 cm (15 inches) per sec 


Single line advance 


18 ms 


Band speed 


507 cm (199 inches) per sec 


Interface 


Parallel with full 
line buffer 
(standard) 


RS-232 (optional) 


Long line (optional) 


Forms type 


Continuous fan-fold, edge perforated 
7.6 cm (3 inches) to 40.6 cm (16 inches) wide 


Copies 


Original plus five 


Print format 


Horizontal 


10 characters per inch 


Vertical 


6 or 8 lines per inch 



MODEL TDR50 Computer Systems & Support 
rape Drive 



PHYSICAL CHARACTERISTICS 





Height 


24.5 inches 


Dimensions 


Width 


19.0 inches 


and weight 


Depth 


21.0 inches 




Weight 


155 lbs 


Mounting 


Std EIA rack 


Power 


115 VAC±10%, 48-60 Hz 
750 watts max 


Operating temperature 


+2' to50*C 


Humidity 


15% to 95% noncondensing 


Altitude 


- 4,000 feet 


Options available 


High altitude kit 
Special paint 
220, 240 VAC 



FUNCTIONAL SPECIFICATIONS 



Data density 


7 track - 200/556, 556/800 CPI 
9 track - 800/1600 CPI 


JJ^nber of tracks 


7 or 9 read after write 


Wfmat 


NRZI/PE IBM-compatible 


Tape speed 


75 IPS 


Instantaneous speed variation 


±3% 


Long term speed variation 


±1% 


Interchannel displacement 
error 


150/U inches max 800 CPI 
200fl inches max 556 CPI 


Read data 


NRZI 7 or 9 data output levels 
deskewed with read strobe 
PE 9 output levels peak and 
envelope detected 


Start/Stop time 


5 ms±0.5 ms at 75 IPS inversely 
proportional to tape speed 


Start/Stop displacement 


0.1875±0.0125 inches 


Gaps 


Externally timed 


Parity 


Externally generated 


Tape tension 


8.0 oz 


Reel size 


10.5 inch 2.400 feet 
1.5 mii 0.5 wide tape 


Drive system 


Single capstan 180° wrap 


Tape buffer 
Tape detection 


Vacuum column 
Capacitive 


| Rewind speed 


200 IPS nominal 


^§ctronics 


TTL 


Tape unit interface 


TTL industry-compatible 
low true 
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AUGMENT ENGINE MAJOR UNIT LOCATIONS 



QSMIMBff mmm - board dlscriphon 



"A" ROW SLOT 



KLINT- KL INTERFACE BOARD A01 

CFDA - DISK CONTROLLER ' . A05 

CFDB - DISK CONTROLLER (DRIVE INTERFACE) A07 

NET -r LINE PRINTER CONTROLLER WITH A09 
L ^- J OPTIONAL ARPANET INTERFACE 

CFTA - TAPE DRIVE CONTROLLER A23 

TYMNET MICRONODE INTERFACE 
OPERATORS TERMINAL 



"B' 


" ROW 


[IMA 


\ MICROCODE MEMORY BOARDS 
J 4K X 88 BIT WORDS EACH 


MMB 


SQ 


- SEQUENCER 


SM 


- SHIFTER/MASKER 


I1C 


- MEMORY CONTROL 


MP 


- MAP 



B03 



B05 
B09 

B15 
B17 



B0 - BITSLICE (BITS - 11) B07 

Bl - BITSLICE 1 (BITS 12 - 23) Bll 

B2 - BITSLICE 2 (BITS 24 - 35) B13 

MOS MEMORY 

- 556K X 22 BITS EACH BOARD 

8 BOARDS - 8 MEG . WORDS MAX . 

- 15H/HIGH ORDER BITS - 21 

- 15L/L0W ORDER BITS 22 - 35 + (SIX ECC BITS) 

+ (ONE WORD PARITY BIT) 
+ (ONE SPARE BIT) 
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Backplane board and pin locations 



SAMPLE PIN LOCATION: | A26C1 
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